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Abstract. Honey was subjected to GC-MS analysis in order to identify and quantify 
acaricides residues (2,4–dimethylaniline, brompropilate, amitraz, coumaphos, fluvalinate). Two rapid 
methods were compared for the extraction and purification of acaricides from honey. First method 
uses as extraction solvent acetonitrile in the presence of high quantities of salts, which underwent a 
clean up step known like dispersive solid-phase extraction dSPE PSA (QuEChERS method). In the 
second method the acaricides were eluted with dichloromethane from the mixture of the sample with 
diatomaceous earth. Both methods offered the extraction of all mentioned acaricides, but the second 
one offered higher recoveries, lower costs and was less time consuming for sample preparation. LOD 
for all acaricides ranged from 0.8–8.3 µg/kg and for LOQ between 1 and 9.7 µg/kg. Higher recovery 
rates (90 – 108%) were obtained when sample preparation involved diatomaceous earth.   
 




Acaricides have been used for the control of honeybee diseases (mostly against the 
bee parasite Varroa destructor), leading to honey contamination and all other bee products 
(Hong et al., 2009). The major concern is if human health is affected after honey 
consumption, which is contaminated with acaricides. However, European Regulations are 
focused on allowable limits for acaricides residues in honey (EC 1990). 
Bogdanov et al. (1998) showed in his experiments that acaricides residues affect 
beehive products differently, honey being the least affected while most affected are brood 
combs followed by honeycombs, fact which indicates that acaricides are very lipophilic. 
Nevertheless, this is not an issue to be ignored because contaminated combs can be a source 
of contamination for honey since natural degradation of acaricides from combs does not occur 
(Lodesani et al., 2008).       
Literature presents several studies regarding methods applied for the determination 
of acaricides in honey, the attention being focused on the cleanup step of the procedures due 
to the fact that along with the extraction of acaricides from honey, large amounts of sugars 
and vitamins are also extracted (Hong et al., 2009). Sugars content in honey can reach up to 
80%, which significantly reduces the analytical performance of the GC-MS technique due to 
the residues that are co-extracted and than injected in the GC-MS system (Charlton and 
Ainsley 2007).  
Present paper compares two extraction methods of five acaricides (2,4–
dimethylaniline, brompropilate, amitraz, coumaphos, fluvalinate) mostly found in honey that 
were identified and quantified using GC-MS technique. First method uses as extraction 
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solvent acetonitrile in the presence of high quantities of salts, which underwent a clean up 
step known like dispersive solid-phase extraction dSPE PSA (QuEChERS method). In the 
second method the acaricides were eluted with dichloromethane from the mixture of the 
sample with diatomaceous earth. 
 
MATERIALS AND METHODS 
 
The aim of the present study is to develop a rapid, robust and economic method for 
simultaneous determination of five acaricides (2,4–dimethylaniline, brompropilate, amitraz, 
coumaphos, fluvalinate) in honey.  
 
Samples. Two types of acaricides free honey samples used (acacia and multiflower) 
for developing the proposed methods were obtained from UASVM (University of 
Agricultural Sciences and Veterinary Medicine Cluj-Napoca) apiary harvested during 2011. 
Samples were stored at 4˚C in the dark until further analysis. Spiked honey samples were 
obtained as follows: 5 g of honey were incubated on a water bath at 40˚C for 10 minutes. 
Samples were then kept for 15 minutes at room temperature and after that 250 µl of mixed 
standard solution was added (2 mg/l of each acaricide dissolved in acetone). Samples were 
vigorously mixed; acetone was evaporated, the final fortification being 100 µg/kg. Samples 
spiking was realized prior each extraction in order to avoid acaricides degradation processes.  
Extraction and purification procedures 
1. First method –QuEChERS (Quick, Easy, Cheap, Effective, Rugged, Safe) method 
was applied as described by Anasatssiades et al. (2003) and Lehotay et al. (2004, 2005) with 
the modifications of Mărghitaş et al. (2010). Honey sample (5 grams) was dissolved in 10 ml 
water in a 50 ml centrifuge tube, 10 ml acetonitrile were added and the mixture was manually 
agitated for 10 minutes. The content of an extraction tube dSPE (citrate extraction) was added 
in the centrifuge tube, after which was vigorously agitated for 1 minute and centrifuged for 5 
minutes at 3000 rpm. 6 ml of the upper layer were collected which were placed over the 
content of a dSPE PSA cleanup tube. The new mixture was agitated for 30 seconds, was 
centrifuged 5 minutes at 3000 rpm. 5 ml of the upper layer were evaporated to dryness and 
dissolved in 2.5 ml acetone, filtered through 0.45 µm filter and injected in the GC-MS system. 
2. Second method was applied as described by Lodesani et al. (2008). 10 g of honey 
were dissolved in 5ml ultra pure water in a beaker. 14 g of diatomaceous earth were added 
and homogenized until the formation of a powdered mixture, which was inserted in an empty 
column. The elution was realized with 100 ml dichloromethane, the solvent was evaporated to 
dryness and the residue was dissolved in 2 ml iso-octane, filtered through 0.45 µm filter and 
injected in the GC-MS system. 
GC-MS analysis. Analyses were carried out on a Gas-Chromatographic Shimadzu 
equipped with single quadrupole mass detector (GC-MS-QP 2010). Sample injection was 
realized with an autosampler, 1 µl injection volume, in a splitless mode (t=1 minute). 
Chromatographic separation was achieved on a DB-5MS (30m x 0.25 mm i.d., 0.25 µm film 
thickness) fused silica capillary column from Alltech. Helium was used as carrier gas with the 
flow of 0.9 ml/min. Mass spectrometer is configured with ionization source with electrons 
impact (EI) and quadrupole detector. Injector temperature was 270˚C, ion source 200˚C and 
MS interface 275˚C. Owen temperature program was as follows: 80˚C initial was held for 2 
minutes, increased at 200˚C with a rate of 25˚C/minute and again increased at 300˚C with a 
rate of 25˚C/minute where was kept for 6.2 minutes. Chromatographic separation was 17 
minutes.  
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Acaricides identification was achieved using full SCAN mode, in the mass range 100 
to 400 amu, which allowed retention times determination, major and reference ions 
identifications and their abundance for each standard. For the quantification there was 
implemented SIM (selected ion monitoring) mode, which monitors major ions with 100% 
abundance and 1 or 2 reference ions with significant abundance. In Table 1 are shown 
analyzed compounds and selected m/z (mass/charge) fragments.  
Tab. 1  








Major ion  
(m/z)  
Selected reference ions m/z  
(abundance %)   
2,4 – dimethylaniline 5.57 121 120(82%); 106(73%) 
Brompropilate 11.89 183 185(81%) 
Amitraz 12.39 121 132(96%); 162(89%) 
Coumaphos 13.22 362 226(67%) 
Τ-Fluvalinate 14.78 250 252(32%); 181(17%) 
 
Quantification was performed by recording the area of major ions signals their 
comparison with those obtained for different concentrations of calibration standards. 
Confirmation of the identity of compounds is based the comparison of mass spectra and 
reference ions abundance ratio of each identified analyte from the sample with the ones of the 
standards from NIST-MS, Search 2.0 library.  
 
RESULTS AND DISCUSSIONS 
 
Gas Chromatography (GC) technique is very adequate for the determination of the 
mentioned compounds, and combined with the Mass Spectrometer (MS) detector, which 
offers high selectivity and important spectral information, ensures the unequivocal 
identification and quantification of acaricides residues in honey.  
Both methods applied offered the extraction of all mentioned acaricides, but the 
second one offered higher recoveries, lower costs and was less time consuming for sample 
preparation. 
Validation of the analytical method for the studied acaricides was determined by 
linearity, limit of detection (LOD), limit of quantification (LOQ) and recovery. Response of 
the detector was linear for the entire concentrations interval used for the calibrations curve 
determination (2.5–400 µg/kg for 2,4 dimethylaniline, brompropilate and fluvalinate; 10–400 
µg/kg for amitraz and coumaphos). All correlation coefficients were above 0.9910. It is very 
important that analytical limits (LOD and LOQ) to be established as low as possible for the 
determination of trace acaricides in samples. The LOD was calculated as mean concentration 
+ three times standard deviation; and LOQ as mean concentration +5.6 times standard 
deviation. LOD for all acaricides ranged from 0.8–8.3 µg/kg and for LOQ between 1 and 9.7 
µg/kg. Second extraction method implies a lower number of steps in sample preparation, 
which leads to fewer losses of interest compounds in comparison with QuEChERS method. 
Values of the recovery were calculated for two spike levels 100 and 200 µg/kg. QuEChERS 
method offered recoveries between 71 and 95%, with a variation coefficient of 5-15%, while 
for the second method the values were between 90 and 108%, with a variation coefficient of 
3-8%.  
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 Amitraz is an unstable molecule, which degrades to its metabolites very quickly. In 
order to avoid the false negative results with regards to amitraz, 2,4–dimethylaniline, its 
metabolite was used as monitor.  
Figure 1 shows the GC-MS-SIM chromatograms of the honeys/spiked honeys carried 
out through two different extraction methods which reveal relevant differences between 
applied procedures. 

































































Fig. 1. GC-MS-SIM chromatograms (total ion current) for multiflower honey: 
a, b –honey extracts of free acaricides/ spiked with 100 µg/kg each acaricide standard  
obtained through second method 
c, d –honey extracts of free acaricides/ spiked with 100 µg/kg each acaricide standard  
obtained through first method 
1 –2,4–dimethylaniline, 2 –brompropilate, 3 –amitraz, 4 –coumaphos, 5 –fluvalinate   
 
Both extraction methodologies proved to be very efficient, matriceal interferences 
were not present at the retention times of the studied acaricides. The advantages of the second 
method are represented by higher recovery rate, lower consumption of solvents that leads to 





GC-MS technique applied for the present study has a high sensitivity is rapid (17 
minutes are necessary for all five acaricides separation) and is a relatively simple procedure. 
Both methods offered the extraction of all mentioned acaricides, but the second one-revealed 
higher recoveries, lower costs and was less time consuming for sample preparation. 
Contamination source with acaricides is due to beekeeping practices, fact that leads 
to the necessity of using for the control of the Varroa destructor parasite of some substances 
less toxic such as thymol and organic acids. 
Considering the lipophilic nature of acaricides, our research will be expanded to 
other bee products such as wax and propolis. 
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